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A substance capable of inhibiting the growth of certain bacteria is 
known to exist in cow's milk.  This substance was shown, in a previous 
paper,  I to prevent multiplication of scarlet fever streptococci until all 
eventually die.  The mastiffs streptococcus, however, is restrained for 
only a  few hours, then growth suddenly begins and continues with 
extreme rapidity.  This phenomenon was attributed to the develop- 
ment of a  type resistant to the inhibitor since in the first  place the 
inhibitory substance was not  destroyed by this action,  and in  the 
second place the resistant streptococci are not restrained when trans- 
ferred to fresh samples of milk. 
In this paper the above described substance will be called lactenin; 2 
and the potency of a  solution or material in this substance will be 
referred to as its lactenic activity. 
The lactenic activity of whole milk is known not to be decreased 
by the removal of the fat or by the coagulation of casein with rennet. 
Whey contains about 6 per cent solids, most of which are sugar and 
salts,  while  0.4-0.5  per  cent  is  protein.  With  this  material  as  a 
starting point we have attempted to obtain as concentrated and pure 
a preparation as possible. 
EXPEI~  r~NTAL 
In the following experiments  milk  was drawn  directly from deansed  udders 
into sterile bottles and at once chilled.  It was centrifuged and thus largely freed 
I Jones, F. S., and Simms, H. S., J'. Exp. Med., 1929, 50, 279. 
2 From the Latin: lac, milk;  and teneo, hold. 
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from fat.  The skimmed milk was always  heated at 58°C.  for 20 minutes  and 
sufficient rennet solution added to insure coagulation.  The rennet-milk mixtures 
were kept at 38°C. until about half the original vohmae could be withdrawn as 
whey.  Later, when larger quantities were needed, the milk was pasteurized in 
centrifuge bottles, and after rennet coagulation, centrifuged at high speed. 
Two methods were employed for test purposes.  When the substances to be 
tested were regarded as sufficiently nutritive for bacterial growth to occur, they 
were merely inoculated with culture and incubated, and portions withdrawn and 
plated at intervals. 
A  second but simpler method for activity tests consisted in adding the test 
material to Petri dishes containing 0.5 cc. of defibrinated horse blood and pouring 
plates with melted agar inoculated with 16 hour broth cultures of the scarlet fever 
streptococcus.  Mter 48 hours incubation the longest diameters of the hemolytic 
zones about several deep colonies were measured.  An ocular micrometer and  a 
mechanical stage micrometer were used with a  32 ram.  objective3  It will be 
shown  that  such  measurements  offer a  method of judging inhibitory activity. 
Data of this nature are given in Tables III A, IV A, and IV B.  In each case a 
measurement indicates an average size of five hemolytic zones.  These did not 
differ more than 0.1  mm.  from the average.  If the control has a  size Mo and 
another measured zone has a size M, then 100 M/Mo is the "per cent of control." 
In the tables we have given values of "100 minus per cent of control:" 
"100 minus per cent of control"  =  100  -  I00 Moo =  100  i  - 
This gives a value which increases with the lactenic activity.  Boiled whey has 
a value of zero and whey (from milk heated at 58°C. for 20 minutes) has a value of 
100. 
To obtain the activity of a preparation, its data are plotted as in Figs. 1, 2, or 3 
together with the data of untreated whey.  The length of a horizontal line con- 
necting the two curves gives the logarithm of the relative activity. 
The effect of pH on laaenin is shown in Experiment  1. 
Experiment/.--To  10 cc. portions of whey various quantities of u  HC1 and 
NaOH  were  added  (as  shown  in Table I).  The  tubes were then incubated i½ 
hours and the reaction adjusted to the original pH.  Each lot was then distributed 
in small tubes and refrigerated overnight.  The next morning the tubes were in- 
oculated with the 16 hour broth culture and the plates prepared before incubation 
and at intervals  thereafter.  All plate  cultures  were incubated 24 hours when 
the colonies were counted. 
The  whey  retained  its  activity  over  a  relatively narrow  range  of 
acidity  and  alkalinity.  Thus  when  the  acidity was  brought  to  pH 
3 We are indebted to Dr. M. Kunitz of The Rockefeller Institute for Medical 
Research for helpful suggestions in regard to this method of measurement. F. S. JONES  AND  HENRY  S. SIMMS  329 
3.93, a point, it should be said, below that associated with the bacterial 
souring of milk, lactenin was not  appreciably inactivated.  A  lower 
pH resulted in injury~ and at pH values still lower than those shown 
in  Table  I  it  was  completely  inactivated.  Similarly,  although  a 
reaction of pH  10.24 failed to decrease the inhibitory activity, when 
stronger alkali was added the inhibitory property was lost. 
TABLE  I 
The Effect of Acidity and Alkalinity  on the Lactenic Activity of Whey 
Indicated amounts of ~r HC1 or ~ NaOI-I were added to 10 cc. samples of whey, 
which were then allowed to stand 1.5 hours, neutralized and tested. 
















pH before  Streptococci per cc. after 
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tion  ohrs. 
6.8  384 
4.9  371 
4.57  323 
4.26  409 
3.93  345 
3.26  422 
499 
6.54  704 
9.5  742 
9.67  691 
10.0  665 
10.33  742 














































24 hrs.  48 hrs. 
2  0 
5  0 
8  0 
13  0 
17  0 
oo  0o 
oo 
2  0 
0  0 
0  0 
24  0 
0  0 
25  1 
oo 
* For a control, portions from all tubes were combined and boiled. 
The Effea of Dialysis.--As stated in the introduction, whey contains 
considerable sugar and  salts in  addition  to  0.4-0.5  per cent  protein. 
It will be  shown  in  Experiment  2  that  the  sugar  and  salts may  be 
completely removed by dialysis, leaving the protein  in  the  collodion 
bags together with essentially all the lactenin. 
Experiment 2.--Whey from the mixed milk of a number of cows was prepared 
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sacs and dialyzed for 24 hours with flowing  distilled water at room temperature 
in an apparatus which has been previously described. 4  The tubes were mechani- 
cally agitated throughout this period.  Ordinary tests failed to show the presence 
of salts or carbohydrates in the dialyzed whey; a portion of the protein was pre- 
cipitated but considerable still remained in solution.  During dialysis the acidity 
was increased from pH 6.6 to pH 6.2.  As a  control a portion of the original 
whey was kept in the room during  the dialysis.  Both lots were then filtered 
through Grade V Berkefeld filter and tested for their inhibitory property. 
That considerable activity was still retained after dialysis is brought 
out in Table II. 
TABLE  II 
Effect of Dialysis on the Lactenic Activity of Whey 
Product 
Whey .................................. 
Boiled whey  ............................. 
Dialyzed whey  ........................... 
Boiled and dialyzed whey  ................. 
Number of colonies  per cc. after 
0  hrs.......~.  2  hrs.........~.  4  hrs___~.  S  hrs._..~.  24  hrs.._....~.  48  hrs. 
802[  48S[  192]  771  38[  896 
1,600123,3601  ~  ]  o  o,  ]  oo  [ 
640 t  9601 2,9881 1,408[ 6,848] 1,024 
1,0ss14,s /14,  /  I  I 
When  the  effects were  measured  by  adding  various  quantities  of 
both whey and the dialyzed product to Petri dishes little difference in 
inhibitory  quality could be shown.  When 1 cc. portions of each prod- 
uct  were  added  growth  was  completely  inhibited.  When  smaller 
quantities were used the colonies became progressively larger and the 
hemolytic  zones  more  fully  developed.  During  dialysis  a  small 
precipitate was formed which was slightly inhibitory. 
Proteolysis,  Dialysis  and  Concentration.--The  solution  left  in  the 
collodion bags was shown to be free from salts and sugar but contained 
the  lactenin  together  with  0.4-0.5  per  cent  protein.  Attempts  to 
concentrate  this  dialyzed  whey  by  the  usual  means  failed,  and  at- 
tempts to  fractionate  the protein  by precipitation  with  alcohol, am- 
monium sulfate, etc., resulted in inactivation. 
It was  now found  that  a  part  of the  remaining  protein  could  be 
removed by the action of trypsin followed by dialysis.  In Experiment 
4 Kunitz, M., and Sirnm.~, H. S., J. Gen. Physiol.,  1928, 11,641. ~'. S. JONES  AND  HENRY  S. S~tfMS  331 
3 whey was treated in this manner.  The dialysis was performed in 
the  concentrating dialyzer described in the preceding article,  ~ and 
was  concentrated nearly  to  dryness.  This  concentrated  solution, 
when diluted back to its original volume, contained only 0.12 per cent 
protein but was essentially as active as the original whey, and when 
tested in the concentrated form it completely prevented growth of the 
scarlet fever streptococcus. 
TABLE  IIIA 
The Lactenic  Activity  of  Whey  and  of  the  Concentrated Products  of Whey as 
Measured by the Hemolytic Zones of the Scarlet Fever Streptococcus 
Dimensions represent longest diameter of the hemolytic zones in ram.  Each 
value is the average of five readings which differ by less  than  0.1  ram.  from 
the average. 
Volume per plate  culture .................  S  1.00  0.50  0.25 cc.  0.125  0.063  0.031 
"  "  "  CC.  CC.  CC.  CC.  CC. 
Boiled whey (control) average (ram.)  2.4 
Whey  average (mm.)  0.52  0.94  1.36  2.12 
100--% of control  78  61  43  9 
Concentrated digested dialyzed whey 
(1/20 of original volume) 
average (mm.)  0*  0*  0*  0.52 
100---% of control  I00  100  100  78 
Eoncentrated digested dialyzed whey 
rediluted to original volume 
average (ram.) 
100---% of control 
0.5  1.1C  1.6  2.1 
79  52  33  9 
gesidue from 1 cc. digested dialyzed 
concentrate  in  4  cc.  NaC1  q- 
NaHCO8 (1/5 of original volume) 
average (ram).  0.98  2.2 
100--% of control  159  8 
Relative 
activity 
0  0 
1.( 1.0 
32  1.6 
0.~  E).9 
0.3 3.06 
*  Zero  size  means not  visible  by 40 diameters  magnification. 
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/~x~eriment 3.--A trypsin solution  was made by suspending  5 grams  of Fair- 
child's trypsin in  100 cc. of sterile  NaC1 solution  and passing  the  centrifuged 
supernatant fluid through a Berkefeld V candle.  Whey, prepared from fresh milk 
which had been heated at 58°C. for 20 minutes, was treated with this trypsin solu- 
tion in the proportion of 1 cc. of trypsin  solution  for each 20 cc. of whey.  The 
whey-trypsin mixture was incubated 2 hours and placed in sterile  collodion sacs, 
then  dialyzed and  concentrated in  the  apparatus  described  in  the preceding 
article.  5  After 4 hours the dialyzed material was withdrawn from  the sacs, 
pooled and measured.  It was found that the digested material had been con- 
centrated to 1/20 of its original  volume,  s  It was chilled  overnight in the refrig- 
erator  and a slight  precipitate  was centrifuged  off. 
Volume  testccl  (in co)  per plate  cullure 
1.00  0.50  0.~5  O.lZ5  0.063  0.0:31 
,;  \\ 
0  -,3  -.6  -.q  -|.~t  "t5 
Log volum  
FIG.  I.  The lactenic activity  of  whey  and  the  concentrated  products  of 
hydrolyzed whey, as  measured  by the  hemolytic  zones  of  the  scarlet  fever 
streptococcus.  The length of  the horizontal dotted  lines  measure  the  loga- 
rithms of the relative activities. 
6 Concentration may be continued to complete  dryness  by this method, but 
it is best to remove the material when about 3 cc. is left in each bag.  This avoids 
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A portion of the original whey which had been refrigerated during this period 
was tested as a control.  Sterile salt solution was added to the control whey, in a 
volume proportionate to the trypsin used in the digested whey. 
TABLE  HI B 
The Effect of Concentrated Dialyzed Digested Whey on the Multiplication  of the 
Scarlet Fever Streptococcus 
Substance 
0  hr~. 
Whey .......................................  205 
9.5 cc. boiled whey, +  0.5 cc. concentrated dia- 
lyzed digested whey  .........................  230 
9 cc.  boiled  whey, -{-  I  cc.  concentrate  .............  230 
9 cc. boiled whey, -{- I cc. concentrate boiled 5 
minutes  ....................................  294 
Boiled whey  .................................  320 
Number of colonies per cc. after 
2hrs.  4hrs.  8hrs. 
1230  2641 
i 
i  264  23(} L,280 
264  51  26  0 
00  CO  A2'816548 .7,280 
$ 
24  48 
hrs.  hrl. 
62 
0 
Part  A.  Testing  Materials.--Whey,  concentrated  material,  and 
the residue centrifuged from the concentrated material were tested 
as to their effect on the hemolytic activity of the scarlet fever strepto- 
coccus.  The  residue was  tested  when  dissolved  in  NaC1 solution 
and a  little NaHCOs.  The concentrated digested whey was tested 
both as such and also when diluted to its original volume. 
The measurements given in Table IIIA  are those of the longest 
diameter  of  the  zone  of  hemolysis about  the deep colonies  of  the 
scarlet fever streptococcus, as described above.  The data  are also 
plotted in Fig. 1. 
Part B.  The Effect of the Addition of Concentrated Material to Boiled 
Whey.--When the concentrated digested material is added to boiled 
whey in amounts sufficient to dilute it to its original concentration, 
or twice its original concentration, the inoculated streptococci fail to 
multiply and eventually die (as shown in Table III B).  The boiling 
of whey destroys its lactenic activity so that growth begins soon after 
inoculation,  but  addition  of  the  concentrated  material  prevents 
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The Preparation of A ctive Dried MateriaL--The following experiment 
shows  that  the  material  of  Experiment  3  may  be  completely  des- 
iccated  with  but  slight  decrease  in  activity.  The  material  when 
partially  dried  is  sometimes  clear yellowish and  vitrous,  like  dried 
varnish, but when completely dried is easily crumbled to a fine powder. 
Volurno  teste~ 
100  0.50  0.25  0.1~5 
0  -0.3  -0.6  - o.q 
Log  volume 
Fzo. 2.  The lactenic activity of dried dialyzed hydrolyzed whey when diluted 
to its original volume. 
Experiment 4.--A portion of the dialyzed digested material which had been con- 
centrated in Experiment 3 to 1/20 of its original volume was dried in high vacum 
over CaCh.  After 36 hours the dried material was  divided into two portions 
and NaC1 solution was added to one in an amount equivalent to the original volume 
of whey from which it had been obtained.  The remainder was taken up in a pro- 
portional amount of NaCI solution containing N/10 NaI-ICOs.  After thorough 
mixing both lots were stored in the refrigerator for 18 hours and then tested as in 
the method described.  The measurements of the longest dimension of the hemoly- 
tic area are given in Table IV A and plotted in Fig. 2. 
There is no indication  that  the substance  has been materially in- 
jured by drying and the other steps in the process, provided that it is F.  s.  3o~s  AND  HENaY  s.  s~s  335 
TABLE  IV A 
Lactenic Activity of Dried Dialyzed Whey When Diluted to Its Original Volume 
(From longest diameters of hemolytic zones; see Table IIIA) 
Volume ~  plate  culture  ...... 
Control  average (mm.) 
Whey*  average (mm.) 
100--% of control 
Dried  material  suspended  in  NaC1 solution 
(pH 6.0) 
average (ram.) 
100---% of control 
Dried  material  suspended  in 0.1 ~  NaHCO8 
(pH 9.0) 
average (ram.) 




























TABLE  IV B 
Lactenic Activity  of Dried Material  Kept 3 Months  and Diluted as Indicated 
(From longest diameters of hdmolytic zones) 
golume per plate culture  ..................................  1.00 cc. 
Eontrol  average (ram,) 
Whey*  average (ram.) 
100--% of control 
Dried material after 3 months, diluted to original 
volume 
average (mm.) 
l(D--% of control 











0.,50 cc.  0.25 Cc. 
0.62  0.82 
76  69 
1.12  1.96 
58  26 
0.79  1.5 
70  43 







o  na  °or~u~  e 
(0.7)* 
2.34 
10  (0.3)* 
* The whey in this experiment is fresh and therefore cannot be accurately com- 
pared with the 3 months old preparation.  The fresh whey is included in this ex- 
periment as  a control on the culture of streptococcus.  The values of relative 
activity in the last column are therefore not quantitatively correct. 336  BACTERIAL GROWTH  INHIBITOR OF MILK.  I 
resuspended  in  NaC1  solution.  If,  however,  sufficient  sodium  bi- 
carbonate is added to the salt solution so that the final reaction is 
pH  9.0,  considerable  destruction  takes  place  during  overnight re- 
frigeration. 
The Effect of Time.--Dried material prepared in the same manner 
and stored 3 months in the refrigerator and in the room, still retained 
much of its activity, as shown in Table IV B and Fig. 3. 
Volume  tcstecl 
I.oo  o~o  0.;~5  0.125 
lOc  I  I 
- 
--  -  "o~e6  ~ 
o  -0.5  -o.6  -o.  c  Log volume 
Fio. 3.  The lactenic activity of the dried material after standing 3 months 
Highly A aive MateriaL--When  su~dent  salt  solution was  added 
to  the dried material to bring it  to  the volume of original whey a 
portion failed to  dissolve.  This  fraction from  12  cc. of whey was 
separated by centrifugation and suspended in 3 cc. of NaC1 and 1 cc. 
of N/10 NaHC08 and tested.  The results are included in Table IV 
and Fig: 3.  It was found to have nearly one-half the activity of the 
dissolved portion.  But it represents only one-eighth the dried weight. 
Hence this residue is 3 or 4 times as active as the dissolved portion on 
the basis of dry weight, or about 200 times as active as skimmed milk, 
on the same basis. ~.  s.  jo~ms AND H~Y  s.  sruus  337 
DISCUSSION 
The experiments give us some information concerning the properties 
of lactenin.  It is stable for 1½ hours at pH values ranging from 4 to 
10.  If the time of exposure be lengthened the material must be kept 
even closer to the neutral point.  We have shown that lactenin is not 
associated with salts and carbohydrates but can be readily separated 
from them by dialysis.  Lactenin  appears to be associated with the 
proteins of whey, since agents which precipitate  protein  from whey 
also remove the lactenin, although lactenin is not removed with casein 
during rennet coagulation.  Furthermore lactenin, like proteins, fails 
to pass through permeable collodion membranes.  It and some of the 
whey proteins  resist  the  digestive  activity of trypsin,  but  the  split 
products of the proteins hydrolyzed by trypsin are removed by dialysis 
without impairing  lactenic activity.  We have no evidence that lac- 
tenin is itself a protein. 
TABLE V 
Activity of Lactenin Material on a Fat-Free Dry Weight Basis 
(Skimmed milk is taken as unity) 
Relative 
Material  Per cent solids  activity  per  gram dry 
weight 
Whole milk 
(Fat removed by centrifuging) 
Skimmed milk 
(Casein removed with rennet) 
Whey 
(Salts and sugars dialyzed out) 
Dialyzed whey 
(Proteins hydrolyzed  and removed  by dialysis) 
(Protein added with trypsin) 
Dialyzed hydrolyzed  whey 
(Redissolved) 




















* Dry weights determined. 
** Normal value assumed. 
In Table V will be found the dry weights of various lactenin ma- 
terials.  It will be seen that  the dialyzed hydrolyzed whey contains 338  BACTERIAL  GROWTH  INHIBITOR  OF  MILK.  I 
only 1.3  per cent of the original fat-free solids of milk.  The  tests 
indicate that this contains at least 90 per cent of the original activity 
of milk.  ~  Hence it is  70  times as active as  skimmed milk on a  dry 
weight basis. 
The material which has been digested, dialyzed and  concentrated 
may be dried and stored for some time without appreciable loss of 
activity.  When this material is dissolved it is about 56 times as active 
as the original milk, on a dry weight basis.  A portion of the material 
fails to dissolve in physiological NaC1 solution.  This fraction is 205 
times as  active as  the original milk,  on  a  dry  weight basis.  The 
chemical nature of this very active material will be  discussed in  a 
future publication. 
The method of measuring the size of hemolytic zones proved to be a 
reliable index of lactenic activity of substances which are not highly 
nutritive.  It is possible to measure the effect of as little as 0.13 cc. 
of whey or other active products when mixed with 12.5 cc. of nutritive 
medium (veal infusion agar -1- horse blood) upon the development of 
the colonies and hemolytic zones of the scarlet fever streptococcus. 
With whey this means that its activity is shown in a final dilution of 
1 : 100.  The residue from the dried material is active with 0.005  mg. 
per cc. of plate culture.  The relative activity of different materials is 
obtained by the horizontal distance between curves of data plotted as 
in Figs. 1 to 3. 
SUMM~,RY 
The bacterial growth inhibitory substance found in milk is called 
lact~in in this paper.  It is stable for 1½ hours at pH 4 and at pH  I0 
and  for  longer periods  in  neutral  solution.  It  is  not  associated 
with salts  and  carbohydrates and may be separated from them  by 
dialysis. 
Lactenin  is  removed  by agents  which precipitate  the  proteins 
of  whey.  Part  of  these  proteins  may  be  hydrolyzed by  trypfic 
digestion and the resulting split products, together with the salts and 
sugar, may then be removed by dialysis without appreciable loss of 
lactenic ac,tivity. 
' If we allow a 10 per cent loss of material in removing it from the bags, there 
is no appreciable loss in activity. 1%  S.  JONES  AND  HENRY  S.  SIMMS  339 
This dialysis may be performed in a  concentrating dialyzer, under 
sterile conditions and at low temperature, thus reducing the solution 
to small volume.  The material may then be completely desiccated and 
kept 3 months with practically no loss of activity.  The residue, on 
treating this dried material with salt solution, is 200 times as active 
as the original milk, on a dry weight basis. 
The size of hemolytic zones of the scarlet fever streptococcus grown 
on a  medium containing lactenin  is found to  furnish  a  simple and 
reliable measure of lactenic activity. 